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Executive Summary

The National Oceanic and Atmospheric Administration (NOAA) Coral Reef Conservation
Program is investing approximately $4.5 million of its annual operating budget to support a
National Coral Reef Monitoring Plan (NCRMP) for biological, physical, and socioeconomic
monitoring throughout the U.S. Pacific, Atlantic, and Caribbean coral reef areas. The
overarching goal of this effort is to collect the information needed to gauge changing conditions
of U.S. coral reef ecosystems, which are among the most biologically diverse and economically
valuable ecosystems on earth, providing billions of dollars in food, jobs, recreational
opportunities, coastal protection, and other important services.

This publication defines the national monitoring effort, which will provide a consistent flow of
information about the status and trends of environmental conditions, living reef resources, and
the people and processes that interact with coral reef ecosystems. Results will be reported
through a periodic national-level status and trends report. Data will be used to help evaluate
the efficacy of place-based investments in coral reef conservation, which in turn will ensure
that the Coral Program’s goals and objectives are achieved, and that U.S. coral reef
ecosystems—and the communities that depend on them—benefit from conservation activities.

The effort builds upon a decade of work supported by the national Coral Program, including
research and monitoring under the umbrella of the Coral Reef Ecosystem Integrated Observing
System (CREIQOS), reporting efforts such as The State of Coral Reef Ecosystems of the United
States and Pacific Freely Associated States, and outcomes from the program’s external review.
The NCRMP provides a strategic framework for the Coral Program’s long-term domestic
contribution to the larger CREIOS.

The focus is on four monitoring themes: benthic community structure, fish community
structure, climate impacts, and socioeconomic condition. A wide range of potential indicators
were considered and measured against program objectives, budget constraints, and logistics—
fifteen key indicators were selected for the NCRMP.

Benthic and fish monitoring will be conducted using a diver-based stratified random-sampling
design throughout shallow water coral reefs. Carbonate chemistry water sampling will be
conducted at a subset of the biological sampling areas, while a smaller number of fixed stations
will have variable configurations of instrumentation, including ocean acidification monitoring
buoys at six locations. Satellite monitoring of regional thermal stress will complement in situ
measurements of ocean temperature. Socioeconomic monitoring will be conducted using
human dimension surveys of a random sample of residents every three to four years.

The Coral Program will continue to support monitoring activities that are conducted at smaller
scales and designed to address specific management questions. The NCRMP purposefully seeks
opportunities to work with partners to enhance the value of joint observations and maximize
the value of conservation activities.



Overview

Table 1. NCRMP general themes and core indicators recommended by the Working Group and committed to
implementation by the NOAA Coral Reef Conservation Program. * indicates Tier 2 (Important) indicators included
in the NCRMP via partnership with the NOAA Ocean Acidification Program.

Monitoring Themes Tier 1 (Critical) Indicators

Climate

o Thermal Stress e Temperature/thermal stress
e  Vertical thermal structure

e Ocean Acidification e  Carbonate chemistry

e Ecological Impacts* e  Coral growth rate*

e Bioerosion rate*
e Community structure* (cryptofauna diversity)

Executive Summary



Introduction

Coral reefs provide nearly $30 billion in net benefits in goods and services to world economies
each year, including tourism, fisheries, and coastal protection (Cesar et al. 2003), and an
estimated $3.4 billion annually in total economic value to the U.S. (Brander and van Beukering
2013). The Coral Reef Conservation Act of 2000 (CRCA 2000) authorizes a national program that
includes “monitoring [and] assessment . . . that benefit the understanding, sustainable use, and
long-term conservation of coral reefs and coral reef ecosystems.” Since 2001, the National
Oceanic and Atmospheric Administration (NOAA) Coral Reef Conservation Program (Coral
Program) has produced sound scientific information on coral reef ecosystems under the broad
category of “Assess and Characterize U.S. Coral Reefs.” In 2003, the Coral Program defined a
Coral Reef Ecosystem Integrated Observing System (CREIOS) to provide a diverse suite of long-
term ecological and environmental observations over a broad range of spatial and temporal
scales (Hoeke et al. 2009; Morgan et al. 2010).

In 2007, the Coral Program convened an external review (NOAA Coral Program 2007) to
evaluate the success of the Coral Program and provide guidance to improve the program.
Recommendations included: focus the program’s goals, emphasize management-relevant
science, and emphasize place-based management. In response to the external review, in 2008
the Coral Program developed a Roadmap for the Future (NOAA Coral Program 2008) to define
new priorities and national-level responsibilities. This led to, in 2009, the Coral Program
defining new goals and objectives (NOAA Coral Program 2009) to address three priority threats:
climate change, fishing, and land-based sources of pollution.

The program then convened two regional CREIOS workshops (Morgan and Waddell 2009) to
assess monitoring needs with local management entities in the U.S. Pacific and U.S. Atlantic and
Caribbean. Recommendations included the need to increase management-scale mapping and
monitoring, technical capacity within jurisdictions, communication of scientific information, and
dissemination of NOAA data. Finally, the Coral Program engaged a consultant to evaluate
existing mapping, monitoring, and assessment activities—the Boreman Report (Boreman
2009)—that recommended the program develop a national plan for monitoring the status and
trends of coral reef ecosystems and reorient the “State of the Reefs” assessments (e.g.,
Waddell and Clarke 2008).

Building on these strategic planning efforts, in 2010 the Coral Program began developing a
National Coral Reef Monitoring Plan (NCRMP). According to the decisions of the program’s
Senior Management Council (SMC), approximately $4.5 million will be set aside annually for
sustained national-level monitoring, including data collection, analyses, dissemination, annual
reporting, and coordination. Non-NCRMP monitoring, including external cooperative
agreements to states and territories, will also continue to be funded. To guide this process, the
Coral Program assembled a working group of NOAA scientists and managers with expertise on
coral reef ecosystems from nine different offices and science centers across four NOAA line
offices (National Environmental Satellite, Data, and Information Service [NESDIS], National



Marine Fisheries Service [NMFS], National Ocean Service [NOS], and Office of Oceanic and
Atmospheric Research [OAR]) in the U.S. Pacific and Atlantic and Caribbean regions (see the
appendix for contributors). The charge to the working group was to:

e develop unified monitoring questions and goals

e develop a long-term monitoring plan within a constrained budget of approximately $4.5
million per year

e identify core indicators within four general themes: coral/benthos, fish, climate, and
people

e develop monitoring approaches consistent within jurisdictions and comparable across
regions

e develop an approach for a national-level status and trends assessment report

The working group convened nine workshops during 2010-2013 to develop and refine the
approaches detailed in this document. The draft National Coral Reef Monitoring Plan was
submitted for technical review by anonymous scientific experts, and for review and comment
by state and territory partners. The working group then revised this document to address
reviewers’ comments, and to incorporate new guidance, approaches, and the outcomes of
various workshops convened to address specific aspects of the plan. The results of these
strategic planning efforts and workshops are summarized in this final National Coral Reef
Monitoring Plan, which is intended to guide the NOAA Coral Reef Conservation Program, and its
implementing partners, in adaptive planning and implementation—and represents the
program’s long-term contribution to CREIOS.

Geographic Coverage

The NCRMP is limited to shallow water coral reef ecosystems in the following Coral Program
priority geographic areas (Miller et al. 2011):

e American Samoa (AS)

e Commonwealth of the Northern Mariana Islands (CNMI)

e Guam

e Hawai'i (HI), including the Main Hawaiian Islands (MHI) and the Northwestern Hawaiian
Islands (NWHI)

e Florida (FL), including Martin County through Dry Tortugas

e Flower Garden Banks (FGB)

e Pacific Remote Island Areas (PRIA), including Wake, Johnston, Palmyra, and Kingman
Atolls and Howland, Baker, and Jarvis Islands

e Puerto Rico (PR)

e U.S. Virgin Islands (USVI)

While the Coral Program’s geographic and depth priorities include mesophotic reefs
(“hermatypic, zooxanthellate corals to the depth of light limitation”), NCRMP monitoring will



focus primarily on depth strata within 0 to 30 meters because of the higher logistical and
financial costs associated with monitoring beyond these depths. Similarly, while the impacts of
land-based sources of pollution (LBSP) are acknowledged to be significant in certain areas and
instances, efforts to monitor water quality indicators would be cost-prohibitive and are deemed
outside the scope of the NCRMP.

Purpose

The working group developed the National Coral Reef Monitoring Plan to support conservation
of the nation’s coral reef ecosystems through documenting and understanding the status and
trends of core indicators (Table 1). The NCRMP details a long-term approach to provide an
ecosystem perspective via monitoring climate, fish, benthic, and socioeconomic variables in a
consistent and integrated manner. The NCRMP is intended to coordinate various Coral Program
biological, physical, and human dimensions activities into a cohesive NOAA-wide effort.
Through the implementation of the NCRMP, NOAA will be able to clearly and concisely
communicate results of national-scale monitoring to national, state, and territorial policy
makers, resource managers, and the public on a periodic basis.

Indicators
The Coral Program’s national status and trends monitoring focuses on four priority themes:

e benthic communities (emphasizing corals)

e reef-associated fish communities

e climate change (thermal stress and ocean acidification)

e human dimensions related to perceptions of, and interactions with, coral reef
ecosystems

The working group reached consensus on the key monitoring questions for the NCRMP to
address to support conservation of the nation’s coral reef ecosystems:

1. What is the status of U.S. coral reef ecosystems?
a. What is the status of coral reef biota?
b. What is the status of human knowledge, attitudes, and perceptions regarding the
importance and uses of coral reefs?

2. What are the trends in conditions of U.S. coral reef ecosystems?
a. How is the community structure of coral reef biota changing over time?
b. How are temperature and carbonate chemistry in waters surrounding coral reefs
changing over time?
¢. How are human uses of, interactions with, and dependence on coral reefs changing
over time?



The working group identified a comprehensive list of indicators (Table 2) based on extant coral
reef monitoring programs worldwide, as well as processes or indicators that are necessary for
or contribute to coral reef ecosystem function. The group then prioritized the list into “tiers”
based on criteria ranging from effectiveness for determining status and identifying trends to
cost-effectiveness within budget limitations. The working group reached consensus on an
annual budget of approximately $4.5 million to address the monitoring questions and Tier 1
critical indicators within the Coral Program’s geographic priority areas. Data on indicators
outside of Tier 1 may be acquired via partnerships, or through the NCRMP if minimal additional
effort is required. Where possible, NCRMP surveys will record supplementary data to allow for
guantification or estimation of those additional indicators.

Table 2. Prioritized indicators for all themes considered by the Working Group for inclusion in NCRMP.

Theme Tier 1 Indicators — Critical Tier 2 —Important Tier 3 — Informative
Benthos/ e Abundance and size structure e Growth rate e Reproduction
Coral e Coral condition (e.g., bleaching, disease) e Bioerosion rate e Recruitment
e Percent cover of benthic organisms/substrate e Mortality
e Key benthic/coral species e Metabolic performance
e Benthic/coral diversity e Microbial communities
e Rugosity e Non-indigenous species

e Protected species

Fish e Abundance and size structure e Reproduction
e Fish diversity e Population fecundity
e Key fish species e Recruitment

Distribution

e Trophic structure

e Non-indigenous species
e Protected species

Climate e Temperature/thermal stress e Insolation e Nutrients/productivity
e Vertical thermal structure e Wave energy e Meteorology
e Carbonate chemistry e Hydrodynamics e Impacts of global change
People e Knowledge, attitudes, and perceptions of coral e Land use e Economic value
reefs and management strategies e Land cover

e Participation in coral reef activities
e Economic dependence on coral reefs
e Population changes and distribution

The working group recommended sound scientific approaches for meeting Tier 1 requirements,
but acknowledged that logistical considerations, particularly between the Atlantic/Caribbean
and Pacific basins, may require some differences in specific methods—indeed, the charge to the
working group included the guidance that “monitoring approaches [be] consistent within
jurisdictions and comparable across regions.” This is interpreted to require methodological
consistency within a jurisdiction over time, but allows limited differences across regions and
jurisdictions, where necessary. Therefore, for each indicator (and see Table 6), specific
approaches are detailed where they vary due to funding or logistics considerations between the
Atlantic/Caribbean, which is conducted biennially via small boat operations, and the Pacific,
which is conducted triennially via ocean-going NOAA ship operations.



Partnerships

The NCRMP welcomes opportunities to work with partners to leverage and optimize our ability
to effectively monitor the status and trends of the nation’s coral reef ecosystems. The Coral
Program will also continue to support monitoring outside of the NCRMP. These monitoring
activities are generally at smaller scales, address more direct management needs, or may
address different questions than national-level status and trends monitoring. Grants to external
partners in seven U.S. jurisdictions with coral reefs have funded local monitoring for more than
a decade and will continue. While jurisdictional monitoring programs can benefit from the
context that the NCRMP can provide, there is no requirement that local methods change to
meet NCRMP objectives. The program will also continue to support monitoring by NOAA
principal investigators using internal Coral Program funds to address targeted management
effectiveness questions, such as the efficacy of marine protected areas (MPAs) or the impacts
of watershed restoration work upland of priority reefs.

Partnerships with the state or territory governments of Florida, Puerto Rico, the U.S. Virgin
Islands, Hawai’i, American Samoa, Guam, and the Commonwealth of the Northern Mariana
Islands, as well as federal agencies (including U.S. Environmental Protection Agency, U.S. Fish
and Wildlife Service, U.S. Geological Survey, and U.S. National Park Service) and academic
institutions (including Nova Southeastern University, University of Hawai’i, University of Miami,
University of Puerto Rico, and University of the Virgin Islands) will continue to provide valuable
monitoring data (particularly at various long-term fixed-site locations), logistical support for
field operations, scientific research, and statistical analyses that will contribute to NCRMP
implementation and status and trends assessments.

A partnership with the NOAA Ocean Acidification Program (OAP) and Pacific Marine
Environmental Laboratory (PMEL) will support the NCRMP’s Tier 1 carbonate chemistry
measurements in Coral Program priority areas within OAP’s existing efforts, as well as support
both programs’ scientific goals regarding ocean acidification (Feely et al. 2010; Gledhill and
Tomczuk 2012). This partnership effectively extends the NCRMP’s footprint to include
indicators of ecological responses of coral reef ecosystems to ocean acidification (e.g., changes
to coral reef carbonate budgets, coral growth rates, bioerosion, framework integrity) which
were initially ranked as non-critical indicators given budget limitations (Tables 1 and 2). These
important (Tier 2) and informative (Tier 3) indicators include: targeted benthic community
characterization, fine-scale rugosity assessments, indices of cryptic biodiversity, coral coring,
and crustose coralline algae recruitment and accretion rate monitoring.

A partnership with the NOAA Pacific Islands Fisheries Science Center (PIFSC) provides support
for complementary Reef Fish Survey (RFS) cruises in the Pacific, rotating through populated
portions of each archipelago in sync with Pacific NCRMP schedules, and using the same survey
methods, design, target domain, data management, and survey personnel as are employed for
the fish portion of Pacific NCRMP cruises. For those populated islands, this partnership will
approximately triple the number of fish survey sites that can be achieved by the NCRMP alone.



Partnerships with the NOAA Office of National Marine Sanctuaries (ONMS), including the
Florida Keys National Marine Sanctuary (FKNMS), Flower Garden Banks National Marine
Sanctuary (FGBNMS), National Marine Sanctuary of American Samoa (NMSAS), and the
Papahanaumokuakea Marine National Monument (PMNM), support NCRMP biological and
climate monitoring in various ways, including sharing vessels and staff members. NCRMP teams
will continue to work closely with ONMS personnel to ensure that this monitoring meets
management needs for coral reef ecosystem data, and to increase efficient and effective cost-
sharing and resource leveraging to extend the NCRMP investment.

Partnerships with the NOAA Integrated Ocean Observing System Program (100S) and regional
associations, including the Caribbean Regional Association for Coastal Ocean Observing (CaRA),
Gulf of Mexico Coastal Ocean Observing System (GCOOQS), Pacific Islands Ocean Observing
System (PaclOO0S), and the Southeast Coastal Ocean Observing Regional Association
(SECOORA), will support data dissemination and delivery, data standards, and in situ
instrumentation at NCRMP climate stations.

NCRMP scientific and technical staff members are supported by the NOAA Coral Reef
Conservation Program and Offices across NOAA including: NESDIS Center for Satellite
Applications and Research (STAR), NMFS Coral Reef Ecosystem Division (CRED), Pacific Islands
Regional Office (PIRO), and Southeast Fisheries Science Center (SEFSC), NOS National Centers
for Coastal Ocean Science (NCCOS) Center for Coastal Monitoring and Assessment (CCMA) and
Hollings Marine Laboratory (HML), and OAR Atlantic Oceanographic and Meteorological
Laboratory (AOML). Support for data stewardship is provided by the NESDIS National
Oceanographic Data Center (NODC) Coral Reef Information System (CoRIS), and support for
NOAA ship operations is provided by the Office of Marine and Aviation Operations (OMAOQ).

NCRMP and CREIOS

Since its inception in 2001, the Coral Program has invested in monitoring activities that
contribute to the CREIOS goals of understanding the condition and health of, and processes
influencing, coral reef ecosystems, and assisting stakeholders in making improved and timely
ecosystem-based management decisions to conserve coral reefs (Hoeke et al. 2009; Morgan et
al. 2010). The NCRMP provides a strategic framework for the program’s long-term, domestic
contribution to the larger CREIOS, which also includes near-real-time components such as the
Integrated Coral Observing Network (ICON) and Coral Reef Watch (CRW), as well as local-level
state and territory monitoring, and international partnerships.



Goals and Implementation
The goals of NCRMP monitoring are to:

e develop consistent and comparable methods and standard operating procedures
(SOPs), which detail specific field, laboratory, and/or analytical procedures and best
practices, for all indicators (with periodic updates to reflect new technologies or
logistical considerations)

e develop and maintain strong partnerships with federal, state/territory, and academic
partners

e collect scientifically sound, geographically comprehensive biological, climate, and
socioeconomic data in U.S. coral reef areas

e deliver high-quality data, data products, and tools to the coral reef conservation
community

e provide context for interpreting results of localized monitoring

e provide periodic assessments of the status and trends of the nation’s coral reef
ecosystems

NCRMP implementation began in FY13 with five implementation teams (Biological-Atlantic,
Biological-Pacific, Climate-in situ, Climate-Satellite, and Socioeconomic) conducting field work
(summarized in Table 6), developing methods and protocols, and engaging with partners and
stakeholders to refine NCRMP operations and analyses. Major accomplishments of FY13
included:

e benthic and fish survey missions in the U.S. Virgin Islands, Flower Garden Banks, and
Main Hawaiian Islands

e climate instrumentation deployment/retrieval missions and/or carbonate chemistry
data collection missions in the U.S. Virgin Islands, Florida, Flower Garden Banks, Main
Hawaiian Islands, and Northwestern Hawaiian Islands

e site survey missions for new climate fixed sites in Saipan, CNMI, and St. Croix, USVI

e new benthic protocols, socioeconomic survey modules, high-resolution satellite sea
surface temperature data, and data synthesis approaches

e new data management tools and data stewardship policies

The Coral Program expects the specific details of NCRMP activities to continue to evolve during
the first three years (FY13-15) as we evaluate new methods, protocols, and data management
tools, as well as engage new partners and work in new locations across the U.S.
Atlantic/Caribbean and Pacific. In the future, as new technologies become available, and as
resources and partnerships change, NCRMP implementation may adaptively change as well.



Biological Monitoring

Reef calcifiers (such as corals, crustose coralline algae, calcified macroalgae, and foraminifera),
gorgonians, and certain sponges provide architectural complexity and critical structure for reef
fishes and other benthic organisms that comprise coral reef diversity. Reef fish populations can
be depleted by human activities such as fishing, and by habitat degradation from factors such
as LBSP and climate change impacts. Management efforts to sustain or rebuild coral reef fish
populations, or to sustain fisheries yields, have been widely implemented (e.g., marine
managed areas, catch limits, size restrictions) and require ongoing data collection and analysis
to assess their efficacy and advise adaptive management. NCRMP monitoring of coral reef
ecosystems will focus on status and changes in the benthic community, with emphasis on the
structure-forming corals, and on the assemblages of reef fishes that utilize the coral reef
environment. NCRMP biological monitoring is intended to address a broad range of needs for
NOAA and for the wider management and science community while staying within the required
funding constraints.

For the benthic component, priority will be given to scleractinian coral population structure and
benthic cover. For coral species that are listed or may be listed under the U.S. Endangered
Species Act (ESA 2002), the NCRMP will contribute coarse presence/absence data, but fulfilling
the additional requirements for monitoring and status assessment under ESA is outside the
scope of the NCRMP.

For the fish component, not all taxa will be equally targeted. For some groups of fishes—
cryptic, nocturnal, schooling pelagic and semi-pelagic species (e.g., scad)—the NCRMP will
record data when they are encountered during surveys, but survey designs will not be
optimized for them. While the working group recognizes that species-specific coral reef fish
information is highly useful for jurisdictional and federal fisheries management, achieving
species-specific population information, especially for rare or patchily distributed species, may
require more intense sampling than is feasible within the NCRMP alone.

Survey Design

The overall NCRMP survey design is optimized for the scale of the NCRMP reporting units
(typically island or sub-island scale), rather than providing comprehensive information at single
site or small-scale local spatial scales. The target domain for the NCRMP is reef habitats
shallower than 30 m within the NOAA Coral Program geographic priority areas. The working
group has adopted the general principle of geographically comprehensive monitoring, i.e., that
the broad goal is spreading sampling effort widely across reefs within each jurisdiction, rather
than focusing effort at “representative” stations, given concerns that identifying such stations is
an inherently subjective and unreliable process (Rodgers et al. 2010).

The most appropriate means to ensure that biological survey data are representative of the
target domain is to randomize site locations within that domain. Data quality will generally be



optimized (e.g., variance minimized) by stratification of the target domain. Depending on the
guality and extent of available bathymetry and habitat, the working group has chosen to
stratify using combinations of depth (e.g., shallow, medium, deep), reef zone (forereef,
backreef, etc.), habitat type (e.g., spur and groove, colonized pavement), and management
zone (e.g., MPA, no-take area, etc.). Thus, optimum stratification schemes will vary among
reporting units. The working group therefore recommends that a stratified random design be
adopted for biological monitoring, but leaves development and subsequent fine-tuning of
stratification schemes to the NCRMP biological monitoring implementation teams (including
NOAA scientists and external partners) in each jurisdiction.

NCRMP biological sampling involves gathering data from multiple sites in each jurisdiction.
Resulting data have value at a number of scales:

1. Jurisdictional Scale (e.g., Guam, U.S. Virgin Islands): This is the highest level of reporting.
NOAA Coral Program annual data reports will be developed per jurisdiction. Jurisdictions
generally include at least several hundred km of coastline where reefs are found, and
typically encompass large variations in anthropogenic pressure and reef condition.
Therefore, although NCRMP data will be reported at a jurisdictional scale, NCRMP
monitoring designs will also generate useful data at smaller, more ecologically similar, and
more management-relevant scales.

2. Sub-Jurisdiction (reporting unit) Scale (e.g., Upper Keys/Middle Keys/Lower Keys, by
island within the Main Hawaiian Islands, see Table 3): Sub-jurisdictions are regions within
jurisdictions, which will generally be the minimum reporting units for NCRMP data, i.e.,
they are spatial units that are small enough to have ecological and management-relevant
meaning, but large enough that the NCRMP can sample each reporting unit with sufficient
levels of replication to generate acceptable levels of data quality (e.g., coefficient of
variation within target limits).

3. Site Scale: Individual “sites” are randomized survey locations sampled by a team of divers,
generally in the course of a single dive. Single sites may be sub-sampled (e.g., there may
be replicate surveys, transects, quadrats, or other measures at a single site). Site-level
data are estimated values that typically represent less than an hour’s effort over a few
hundred square meters. While it might be meaningful to represent site-level data in plots
of data from multiple sites (e.g., bubble plots), survey data generally have limited value at
the site scale, and will be pooled up at higher scales to become useful for broad-scale
monitoring purposes.

Collecting biota and habitat data from the same sample sites greatly increases the scope for
interpreting fish and benthic survey data. Fish, benthic, and other surveys will be co-located
where feasible, or at least surveyed in an integrated way to allow for analysis at higher spatial
scales. Benthic cover and fish surveys will normally be co-located, but the more intensive coral
demographic surveys, which may require additional time and effort to conduct, will not be
performed at all fish survey sites because the variance structure of the (sessile) benthos is likely



lower than that of (mobile) fish, therefore similar levels of precision can be reached with less
effort (Smith et al. 2011).

Table 3. Sub-jurisdictions within the ten Coral Program priority geographic areas constitute the minimum
reporting units for NCRMP biological monitoring.

Geographic Reporting Units for Biological Monitoring

Florida

Puerto Rico

U.S. Virgin
Islands

Flower Garden
Banks

Dry Tortugas

Lower Keys

Middle Keys

Upper Keys

Mainland Southeast FL
South and West PR
North and East PR
Western Islands
Eastern Islands

St. Thomas
St. Croix
St. John

East Bank
West Bank

American Samoa

Main Hawaiian Islands

Northwestern Hawaiian
Islands

Mariana Archipelago
(Guam and the
Commonwealth of the
Northern Mariana
Islands)

Pacific Remote Island
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A critical question for the NCRMP is the amount of effort necessary to generate meaningful and
useful coral reef monitoring data at the scale of a national program. As a basis for estimating
necessary effort (replication), the working group has used precision (measured as the
coefficient of variation [CV = SE/mean]) as the core measure of data quality. CV is a useful
measure of data quality because it is a scale and unit independent measure, and because it can



be directly related to confidence intervals (for other than very small samples, the 95%
confidence interval is ~+ 2 CV). Values of CV vary depending on the parameter of interest,
survey method, inherent variability of the sample area, level of survey effort, optimization of
the survey design, and observers’ experience, skill, and training.

Coral and Benthos Monitoring
Coral abundance, size structure, condition, and diversity

The density and size-frequency distribution of corals provides valuable insights into the
demography and space utilization of the selected species in the context of their geographical
and environmental range. For example, the relative proportion of small and large colonies in a
particular species reflects effective juvenile recruitment and colony longevity, while the most
frequent colony size indicates the relative impact of total and partial mortality (Bak and
Meesters 1998), as well as physical forcing factors (Gove et al. 2013). Size-frequency has been
used to assess the impacts of bleaching, predation, and tropical cyclones (Done and Potts 1992;
Mumby 1999; Gove et al. 2013), and may be particularly useful for assessing success of juvenile
corals. Size-frequency distributions should change in predictable ways as reefs degrade (Bak
and Meesters 1999), and populations in marginal habitats tend to have lower abundance and
consequently larger coefficients of variation (Vermeij and Bak 2000). Species size-frequency
distribution characteristics can be quantified mathematically (skewness, mode, coefficient of
variation, etc.), allowing detection of change over time and comparison of different
populations, provided sampling effort generates robust distributions.

Over the last three decades, coral bleaching and disease outbreaks have resulted in global
reductions in coral reef diversity and resilience. As such, assessments of coral condition are an
indicator of coral health and have the potential to identify possible causes of changes in benthic
community structure. Bleaching and disease are generally estimated via prevalence (i.e.,
percent of colonies exhibiting a particular condition), which depends on reliable quantifications
of counts (occurrences) of individual colonies within their respective taxonomic units
(species/genera), and assessment of the health condition of the individual colonies
(disease/non-diseased, bleached/non-bleached). Typical assessments further specify the type
of lesion/disease (Rogers et al. 1994; Bruckner 2002; Raymundo et al. 2008), but data on lesion
extent, severity, photographic records, and biological tissue sampling are also valuable.

The working group recommended that coral population structure (size-frequency and colony
density) be derived from in situ coral demographic surveys along belt transects that
systematically assess a predetermined and replicable reef area, e.g., Smith et al. 2011. In the
Atlantic/Caribbean, coral colonies in belt transects will be scored for recent mortality and
bleaching. In the Pacific, for coral colonies in paired transects will be scored for mortality and
bleaching, with additional information on predation and disease.

The NOAA Next Generation Strategic Plan (NOAA 2010) and the U.S. National Ocean Policy (CEQ
2010) both identified the protection and maintenance of marine diversity as a key element



within their programmatic goals and objectives. Diversity measures, combining species richness
and evenness, are often used to characterize parts of coral reef ecosystems, but traditional
observations do not easily capture the full range of taxonomic diversity on a reef or genotypic
diversity within a species. At present, coarse richness and diversity measures for fish and corals
and some sampling of cryptic diversity will form the basis of NCRMP diversity assessments.

Benthic percent cover

Benthic cover data are derived from counts (occurrences) of biotic and abiotic elements
occupying the benthos, and each element is tallied and recorded to a predetermined level of
taxonomic or functional resolution. Typically, the type of substrate (e.g., pavement, dead coral
skeletons, rubble, sand) is also recorded. Many coral reefs have a small percentage of cover by
scleractinian corals so other benthic components are more important to characterizing benthic
communities and habitat. Percent cover of non-coral benthos is the focus in this sampling
approach, especially different functional groups of algae, including turfs, macroalgae and
crustose coralline algae and other invertebrates (gorgonians and sponges). Changes in cover
can reflect the integrated effects of a set of environmental and disturbance regimes that
characterize each reef system (Rogers et al. 1994; Jokiel et al. 2005; Gove et al. 2013). Where
the total percent of live coral is very low (generally £ 10%), it becomes more difficult to detect
changes in abundance or composition of the community.

The working group recommended coral point-based methods, co-located with fish survey sites,
as the preferred approach to derive estimates of percent benthic cover. In the
Atlantic/Caribbean, a line point intercept (LPl) method will be used for benthic cover, which
involves tallying the benthic elements that fall under specified intervals either along transects
of predetermined length (e.g., Smith et al. 2011). In the Pacific, benthic cover is derived from
point counts on sequential photoquadrat images of the benthos acquired along paired
transects.

Benthic key species and rugosity

“Key” benthic species are those that can have profound ecological effects on reef communities
(e.g., the Indo-Pacific corallivorous crown-of-thorns-starfish Acanthaster planci; the
Atlantic/Caribbean sea urchin Diadema antillarum). In the Atlantic/Caribbean, fine-scale
benthic transects capture density and distribution data. In the Pacific, the towed-diver protocol
(Kenyon et al. 2006; Brainard et al. 2008) provides incidence of key species, percent benthic
composition (i.e., live coral, crustose coralline algae, macroalgae, and hard substrate), and the
percentage of pale and fully bleached coral cover.

Rugosity is a measure of habitat topographic complexity, the three-dimensionality of the coral
reef benthic substrate (i.e., physical relief, void space, or bathymetry diversity). Rugosity is
often quantified using small-scale in situ methods, but the increasing availability of geo-rectified
bathymetry allows for the possibility of computer-based calculations at greater spatial scales.
Coarse-scale rugosity data (Brandt et al. 2009) will be visually estimated, and useful as an



explanatory variable for fish at co-located sites; fine-scale rugosity data from digital imagery will
be collected at the climate Class Il stations.

Reef Fish Monitoring

Fish abundance, size structure, and diversity

NCRMP fish surveys will gather data on the number and size of reef fishes within sample units
at the lowest feasible taxonomic resolution (typically species level). This abundance data can be
converted to a range of diversity indicators, including richness per sample unit, as well as
calculated diversity and evenness measures. Similarly, assuming the dimensions of survey units
are known, information on size and numbers allows for the calculation of density and biomass
per taxon or functional group, with biomass estimated using species-specific length-to-weight
conversion parameters available from a range of published and Web-based sources (e.g.,
FishBase 2000; Kulbicki et al. 2005). For “fish abundance and size,” the working group set a
minimum data quality of CV of 20% (i.e., 95% Cl of 40%) for biomass of four groupings: ‘all
herbivorous fishes,” ‘all piscivorous fishes,” ‘all reef fishes combined,” and parrotfishes. That
level of data quality will scale up to a minimum CV of £ 10% at the jurisdictional level.

In the U.S. Virgin Islands and Puerto Rico, belt transects are conducted. In the Pacific and in

Florida, stationary point count (SPC) fish survey methods (Bohnsack and Bannerot 1986; Ault et
al. 2006; Smith et al. 2006; Brandt et al. 2009; Richards et al. 2011; Williams et al. 2011), will be
used. Both diver-based survey methods provide the abundance, size, and species of reef fishes.

Fish key species
“Key species” for this purpose are species of particular management concern because they are:

e keystone species (species and groups of species that have ecosystem significance
disproportionate to their density)

e indicator species (e.g., fishing impacts can be clearly reflected in the status of relatively
large-bodied and slow-growing target species)

e species of particular biodiversity interest (e.g., the bumphead parrotfish, Bolbometopon
muricatum)

For Pacific jurisdictions, key species of concern for the NCRMP are sharks, large-bodied jacks,
the humphead wrasse, and the bumphead parrotfish, and the primary survey method used for
those will be the towed-diver survey (TDS) method (Richards et al. 2011), which involves a pair
of divers being towed behind a small boat, with one diver quantifying fish populations and the
other quantifying the benthos. Key Atlantic/Caribbean fish species include Nassau and goliath
groupers, large-bodied parrotfishes (i.e., rainbow [Scarus guacamaia], blue [S. coeruleus] and
midnight [S. coelestinus]), and sharks.



Climate Monitoring

Rising ocean temperatures and ocean acidification are expected to have profound influences on
the nation’s coral reef ecosystems over the coming years and decades. By altering the
fundamental physical and chemical environment within which coral reef organisms reside, long-
term changes in climate will likely affect vital physiological processes and ecological function of
coral reefs. Increases in ocean temperatures have already negatively impacted coral reefs
globally through widespread mass coral bleaching, enhanced disease outbreaks, and resultant
mortality (Williams and Bunkley-Williams 1990; Wilkinson and Souter 2008; Eakin et al. 2009;
Eakin et al. 2010). Furthermore, a mounting number of studies suggest that changes in ocean
chemistry in direct response to rising levels of atmospheric CO, (ocean acidification) could
significantly impact coral reef ecosystems over the next several decades (Langdon and Atkinson
2005; Kleypas et al. 2006; Hoegh-Guldberg et al. 2007; Ricke et al. 2013).

Status and trends in ocean temperature (thermal stress) and carbonate chemistry (ocean
acidification) were adopted by the NCRMP working group as Tier 1 indicators based on the
expectation that changes over time in these two indicators will cause the most significant
synoptic impacts to coral reef ecosystems and their ability to deliver essential ecosystem goods
and services at regional, national, and global scales. Monitoring these parameters will be
achieved through a synthesis of remotely-sensed, moored, and discrete observations that will
provide regional sea surface temperature patterns, in situ vertical thermal structure, and
carbonate chemistry observations. These Tier 1 observations will be supplemented with a set of
low-cost targeted and repeated ecological observations at key climate and ocean acidification
monitoring sites. Collectively, these thermal stress and ocean acidification monitoring
observations will provide information essential to tracking the impacts of climate change within
the nation’s coral reef ecosystems, and will serve as critical validation datasets to ongoing
climate and ocean acidification risk/vulnerability modeling both within and external to NOAA.

Thermal Stress

Ocean temperatures have increased globally over the last century and have directly resulted in
the loss of significant coral reef resources (Parry et al. 2007). Globally, thermal stress events in
coral reef areas are becoming increasingly common and more severe (Baker et al. 2008; Eakin
et al. 2009; Strong et al. 2009) and have directly resulted in mass coral bleaching and mortality
(Wilkinson 2000; Eakin et al. 2010). Anomalously warm summer (and winter) temperatures
have also been correlated with more frequent and severe coral disease outbreaks (Bruno et al.
2007; Heron et al. 2010). Within coral reef environments, water temperatures exhibit spatial
and temporal variability through complex and dynamic physical oceanographic processes (e.g.,
Leichter et al. 1996), including surface heat and buoyancy fluxes, and current-topographic
interactions (Gove et al. 2006; Leichter et al. 2012). Analyses of existing time-series data
comparing surface and subsurface in situ temperatures from around the U.S. Pacific reveals
that most reef systems are characterized by a highly complex and variable thermal structure,



both within island-reef systems (Gove et al. 2006) and across regional scales, on diurnal to
interannual time scales.

Sea surface temperature (SST) is a simple observation that is common to most existing in situ
coral reef observing platforms and available through satellite remote-sensing. However,
temperature at the sea surface alone is insufficient to discern the full thermal complexities of
the nation’s reefs, and conversely subsurface temperature variability can rarely be captured
solely with surface observations. Understanding this variance is important in identifying
potential localized bleaching refugia that may be important to coral reef resilience to climate
change (Karnauskas and Cohen 2012). Elucidation of thermal structure confers insight into
water movement patterns that directly influence the physical and chemical setting of coral
reefs.

Satellite-based observations will serve as the primary means of monitoring regional SST and
estimates of surface thermal stress for all the nation’s coral reefs. Data from NOAA operational
satellites provide SST, from which coral bleaching degree heating weeks are derived (Liu et al.
2006; NOAA Coral Reef Watch 2011; Liu et al. 2013) and provide estimates of thermal stress in
coral reef areas (NOAA Coral Reef Watch 2008). Vertical thermal structure will be monitored
using in situ subsurface temperature recorders deployed at representative sites at four depths
in each of the sub-jurisdictions where NCRMP biological monitoring will occur.

Ocean Acidification

The persistence of coral reefs under continued ocean acidification remains a primary concern as
an increasing number of studies have measured reduced rates of calcification for many species
of reef-building organisms (e.g., Leclercq et al. 2002; Marubini et al. 2003; Ohde and Hossain
2004; Langdon and Atkinson 2005; Anthony et al. 2008). Ocean acidification may also increase
dissolution of reef sediments that often contain appreciable amounts of more soluble
carbonate minerals (Morse et al. 2006), and may enhance bioerosion of corals and reef
frameworks (Tribollet et al. 2009; Wisshak et al. 2012). Bioerosion and dissolution of reef
carbonates may outpace carbonate production in some reef habitats by 2030 (Yates and Halley
2006; Ricke et al. 2013). Furthermore, current-day areas where upwelling causes chemistries
analogous to future conditions (i.e., a tripling of atmospheric CO,) exhibit poorly cemented and
highly bioeroded coral reefs (Manzello et al. 2008). Such effects would likely compromise reef
framework integrity and resilience in the face of other acute and chronic stresses, such as coral
bleaching, diseases, potential increases in storm intensity, and rising sea level (e.g., Silverman et
al. 2009). Other modes of expected impact include a potential lowering of the thermal
thresholds for bleaching (Anthony et al. 2008) and impairment of early life stages of corals
including reduced fertilization success, reduced larval settlement, and reduced growth and
survival rates of newly settled corals (Cohen and Holcomb 2009; Albright et al. 2010; Morita et
al. 2010; Suwa et al. 2010). Direct impacts of ocean acidification on coral growth and fitness, in
combination with largely unknown potential impacts on non-calcareous competing functional
groups, may profoundly affect the basic ecological interactions structuring coral reef
ecosystems.



Ecological Impacts

Understanding ecological responses of marine ecosystems is needed to serve as the basis for
testing the validity of climate model predictions and experimentally-derived assumptions about
the impacts of climate change and ocean acidification on the natural environment. To date,
most climate change research targeting biological impacts has focused on laboratory response
experiments rather than examining these impacts in situ. The Coral Program’s partnership with
the NOAA Ocean Acidification Program provides an opportunity to sustain long-term in situ
monitoring of ecological responses to climate change, and allows investigation of the
relationships between biological response variables (calcification and bioerosion rates,
biodiversity, and community composition) to both physical and chemical processes.

Climate Stations

The NCRMP climate monitoring strategy includes fine temporal-resolution monitoring with
moored instruments at fixed time-series sites in both the U.S. Atlantic/Caribbean and Pacific
basins, complemented by broadly-distributed water sampling surveys nested within the NCRMP
biological surveys within each of the sub-jurisdictions. There are four classes of NCRMP climate
stations (Table 4): Class O represents water sampling conducted at a subset of the random
stratified sites monitored by the biological teams; Classes |, Il, and Ill represent fixed sites
exhibiting an increasingly comprehensive suite of observations at increasingly fewer locations.

Table 4. Summary of the parameters and instrumentation deployed at each type (Class) of NCRMP climate
monitoring station.
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Vertical thermal structure

Observations at Class | stations provide the widest distribution of fixed sites measuring changes
in vertical thermal structure (for computing thermal stress) within the NCRMP. Near-surface (1
m) temperatures will be the uppermost of the vertical temperature profiles, and other



monitoring platforms such as the Class Il buoys contain SST recorders. Subsurface temperature
recorders (STR) will be attached to the reef substrate at four depths at locations (primary
exposures of seas and currents) around most islands or atolls. Island size and proximity will be
evaluated for instrumentation requirements (i.e., small islands and islands within close
proximity may require less instrumentation while especially large islands, island chains, or
mainland areas may require more). Each STR array will be deployed for 2-3 years, after which
they will be recovered, data downloaded, and processed. The three ICON pylons within the
Atlantic/Caribbean will be leveraged to provide additional temperature monitoring, thereby
extending existing long-term temperature records and providing validation to remotely-sensed
products.

Carbonate chemistry

Discrete carbonate chemistry water sampling at a subset of the biological monitoring sites
(Class 0 stations) will provide important linkages needed to establish broad-scale spatial and
temporal relationships between key biological indicators (e.g., coral cover and benthic
composition) and the corresponding climate observations (thermal stress and saturation state)
at regional and sub-jurisdictional scales. Carbonate chemistry water samples will be collected
according to best practices (Dickson et al. 2007) in concert with subsurface temperature and
salinity measurements at a subset of locations nested within the random stratified benthic and
fish monitoring surveys. All collected samples will be processed for dissolved inorganic carbon
(DIC) and total alkalinity (TA). These spatially distributed water samples will be complemented
by fine-temporal-resolution observations of key physical and chemical indicators at the fixed
climate change and ocean acidification monitoring sites (Class I, II, and 1l1).

Diel variability in carbonate chemistry can be significant depending on water residence time,
benthic community productivity, and local carbon cycling considerations. To better constrain
the diel ranges in aragonite saturation state, automated benthic water samplers will be
deployed, when possible, at many of the Class |l stations. The systems will autonomously collect
water samples every 2-4 hours over the duration of up to two diel cycles (24 to 48 hours).
Together with water temperature and salinity from co-deployed conductivity-temperature-
depth (CTD) casts, and in some locations near-reef current information collected from Acoustic
Doppler Current Profilers, diel ranges in aragonite saturation state will be derived from post-
recovery analysis of in situ total alkalinity and total dissolved inorganic carbon.

The spatiotemporal variability of carbonate chemistry is inherently complex, and a direct
function of the interaction between physical forcing (meteorology, oceanography) and
diurnally-varying reef metabolism (Manzello 2010a). As such, the near-reef seawater CO,
system varies with temperature, salinity, tidal state, water mass residence time, light intensity,
as well as the benthic community’s integrated rates of organic (photosynthesis, respiration) and
inorganic (calcification, dissolution) carbon metabolism. The high variability in carbonate
chemistry experienced within most reef systems precludes the utility of solely obtaining
discrete observations for the purpose of establishing the rate and magnitude of changes in



carbonate mineral saturation state (a key indicator of interest with regard to ocean
acidification).

Moored Autonomous pCO, (MApCO,) buoys deployed at six Class Il stations (three within each
ocean basin) will provide autonomous real-time carbon dioxide aqueous partial pressure
(pCO,,4q), carbon dioxide atmospheric partial pressure (pCO;,atm), PH, atmospheric pressure, air
temperature, salinity, dissolved oxygen (DO), and relative humidity. Discrete and automated
remote sampling conducted at Class Ill sites will be used to devise algorithms to estimate
carbonate mineral saturation state from autonomous observations of pCO; s, salinity, and
temperature, and allow for extrapolation of information collected at the Class Il monitoring
sites to wider areas within the jurisdiction or basin based upon the discrete sampling (Class 0
sites). This approach of fine temporal-resolution time-series sampling nested within broad
spatial surveys is similar to that of other NOAA ocean acidification monitoring efforts within
coastal environments, providing an internally consistent and logical extension of the NOAA-
wide monitoring effort.

Both the thermal (ocean warming) and chemical (ocean acidification) ramifications of global
climate change have the potential to push the calcium carbonate budget of coral reefs into a
state of net erosion (Manzello et al. 2008; Manzello 2010b). Consequently, the architectural
complexity of reefs is likely to continue to deteriorate as it has broadly in the
Atlantic/Caribbean (Alvarez-Filip et al. 2009). It is thus important to monitor these changes
given their potential to impact reef structure. To measure these changes, fine-scale
observations of rugosity using side-scan and/or multi-beam sonar will provide more habitat
characterization information at each Class Il station (Costa et al. 2009). High-resolution
acoustic data will be collected using a small-boat-based multi-beam system to collect fine-scale
bathymetry and backscatter and map fine-scale rugosity. These data will be post-processed to
produce finalized mosaics of the bathymetry, backscatter, and derivative layers (e.g., rugosity,
slope, fractals).

Ecological impacts: Coral growth rates, bioerosion rates, and community structure

The benthic community directly surrounding each Class Il and Class Ill site will be characterized
and mapped at the beginning and end of each deployment to measure coral and algal cover
and benthic community structure using photo quadrats and image analysis. This is necessary to
interpret and eventually model carbonate dynamics given that the community structure of
benthic organisms (e.g., proportion and types of calcifiers vs. non-calcifiers) exerts a strong
influence on the reefal water chemistry (e.g., Gattuso et al. 1997). Coral cores will be collected
and processed to assess historical extension and calcification rates of massive reef-building
corals (primarily Porites spp. in the Pacific and the Orbicella [formerly Montastraea] spp.
complex in the Atlantic).

Laboratory experiments have shown that crustose coralline algae (CCA), which are important
calcifiers and well-known substrata for successful settlement of coral larvae, are particularly
sensitive to ocean acidification (Gherardi and Bosence 2001; Webster et al. 2006; Kuffner et al.



2008). Their abundance, therefore, can be inherently linked to the resilience of coral reefs. As
such, it is important to monitor long-term trends in the recruitment potential and accretion of
CCA as they provide an index of reef resilience and may be first responders to ocean
acidification. Calcification accretion units (CAUs), settling plates onto which CCA recruit, will be
deployed at the fixed Class Il and Ill monitoring sites to systematically monitor broad-scale
spatial patterns of rates of net CCA recruitment and accretion. After recovery, each plate will be
photographed and the net weight of accumulated calcium carbonate measured. CAU
deployments and recoveries, processing, and analysis will be repeated at the Class Il and Class
Il fixed sites at 2- to 3-year intervals to monitor changes over time.

The formation of reef habitat and its persistence is a function of additive calcification and the
subtractive process of erosion. Biological erosion (bioerosion) is a complex process involving a
diverse suite of taxa utilizing numerous behaviors and methods of reef substrate removal.
Recent evidence suggests that the rate at which many of these taxa erode reef habitat may be
accelerated by ocean acidification (e.g., Tribollet et al. 2009; Wisshak et al. 2012). This
represents a direct mechanism by which ocean acidification will lead to reef degradation and
the loss of ecosystem services. Bioerosion monitoring units (BMUs), blocks of calcium
carbonate, will be deployed at fixed Class Il and Il monitoring sites to systematically detect
changes in the broad-scale spatial patterns of net reef bioerosion rates. Before deployment,
BMUs are scanned using a high-resolution computed tomography (micro-CT) to assess coral
block density. After recovery, they are scanned again to quantify the loss of material due to
biological, chemical, and physical processes. BMU deployments and recoveries, processing, and
analysis will be repeated at Class Il and Class Ill sites at 2- to 3-year intervals to monitor changes
over time.

Marine biodiversity is predicted to be indirectly impacted by climate change and ocean
acidification (Worm et al. 2006; Riebesell 2008) due to alterations in community structure,
functionality, relationships among organisms, and the anticipated increases in species
extinctions and invasion (Ives and Carpenter 2007; Cheung et al. 2009). Much of the biomass
and most of the diversity of coral reef ecosystems lies within the complex architecture of the
reef matrix (Ginsburg 1983; Small et al. 1998; Knowlton et al. 2010). This community of
organisms is collectively known as the cryptobiota (Macintyre et al. 1982), some of which may
be vulnerable to acute direct impacts, such as habitat degradation, and chronic indirect
impacts, such as climate change and ocean acidification. Autonomous Reef Monitoring
Structures (ARMS), comprised of stacked polyvinyl chloride (PVC) plates onto which cryptic
marine invertebrates recruit and colonize, will be deployed at each fixed Class Il and Class IlI
station to monitor long-term trends of invertebrate diversity in response to global
environmental changes. As such, they will improve the ability of the NCRMP to monitor and
relate the diversity and abundance of the cryptobiota with reef ecosystem processes and
function. Upon recovery, each ARMS unit will be disassembled plate by plate and
photographed, and the motile fraction sieved into four size fractions for taxonomic and
molecular processing. ARMS deployments and recoveries, processing, and analysis will be
repeated at Class Il and Class Ill fixed sites at 2- to 3-year intervals to monitor changes over
time.



Socioeconomic Monitoring

One of the recommendations of the 2007 external review was the need to increase the Coral
Program’s social science portfolio and use social science strategically to improve coral reef
management by engaging local communities and better assessing the social and economic
consequences of management policies, interventions, and activities on those communities.
Coral reefs contribute significant economic value to the U.S. public, and consideration of the
economic value of coral reefs should lead to more efficient decision-making that balances
development and conservation as well as raising awareness and building public support for the
protection of this valuable natural resource (NOAA Coral Program 2013). In 2010, the Coral Reef
Conservation Program Social Science Strategy (Loper et al. 2010) was approved by the
program’s Senior Management Council. Development of national-level social science indicators,
collected through triennial jurisdictional surveys, constitutes two of the top three priorities
under the Social Science Strategy, with the third calling for an increase in social science capacity
within the program.

Including socioeconomic indicators in the NCRMP represents a strong step forward for the
Coral Program, which has recognized the need to integrate socioeconomic factors with our
suite of biophysical indictors. Integration of socioeconomic factors will strengthen our national
monitoring and improve the program’s ability to explain how coral reef ecosystems and coral
reef management strategies are perceived by the public -- issues of utmost interest to our
partners, resource managers, and policy makers. The socioeconomic component of the NCRMP
will gather and monitor a collection of socioeconomic variables, including human population
demographics in coral reef areas, human use of coral reef resources, as well as knowledge,
attitudes, and perceptions of coral reefs and coral reef management. The Coral Program will
use this information for research and to improve the results of programs designed to protect
coral reefs.

The overall approach of the socioeconomic monitoring component is to employ indicators to
assess the state of a jurisdiction, including information about the population, social and
economic structure, impacts of society on coral reefs, and contributions of healthy corals to
nearby residents. The indicators were developed in consultation with stakeholders, partners
and other scientists and will be measured through surveys of residents in the U.S. coral reef
jurisdictions and the collection of existing socioeconomic data from secondary sources such as
the U.S. Census and local government agencies. The NCRMP national socioeconomic indicators
are:

Participation in reef activities

Perceived resource condition

Attitudes toward coral reef management strategies and enforcement
Awareness and knowledge of reefs

Human population changes near coral reefs

Economic impact of coral reef fishing to jurisdiction
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7. Economic impact of dive/snorkel tourism to jurisdiction

8. Community well-being

9. Cultural importance of reefs

10. Participation in behaviors that may improve coral reef health
11. Physical infrastructure

12. Awareness of coral reef rules and regulations

13. Governance

Knowledge, attitudes, and perceptions

Resident surveys will take place in each jurisdiction every 3 or 4 years. The potential respondent
universe for this study is adults, eighteen years or older, who live near, and may use, coral reefs
affected by activities related to the NOAA’s Coral Reef Conservation Program. Jurisdictional
surveys will gather longitudinal information from residents in Florida, U.S. Virgin Islands, Puerto
Rico, Hawai’i, American Samoa, Guam, and the Commonwealth of the Northern Mariana
Islands. The NCRMP overall focuses on the Coral Program’s geographic priority areas; however,
as some of those areas are uninhabited, socioeconomic indicators will be collected from only
the inhabited areas (Table 5). Each survey will have one set of questions that is the same for all
locations, as well as selected jurisdiction specific questions relevant to local management
needs. In general, we will collect data using a variety of modes as appropriate to the culture,
including telephone-administered surveys, in-person household surveys, mail surveys, and
Internet-based surveys.

Table 5. Socioeconomic monitoring locations within the seven inhabited Coral Program priority geographic areas
analogous to the biological monitoring reporting units.

Geographic Reporting Units for Socioeconomic Monitoring

American Samoa Islands of Tutuila, Ta’u, Olosega, Ofu, and Aunu’u

CNMI Islands of Saipan, Tinian and Rota only

Guam Entire island of Guam

Hawai’i Islands of Oah’u, Kaua’l, Maui, Moloka’l, Lana’i, Hawai’i only

Florida Martin, Palm Beach, Broward, Miami-Dade, and Monroe Counties only
Puerto Rico Puerto Rico, Vieques, Culebra Islands

usvi St. Croix, St. Thomas, and St. John

The survey data collection is focused on the following indicators:

e Participation in reef activities (including snorkeling, diving, fishing, harvesting)
e Perceived resource condition

e Attitudes toward coral reef management strategies and enforcement

e Awareness and knowledge of coral reefs

e Cultural importance of reefs

e Participation in behaviors that may improve coral reef health



Information will be collected in the means most efficient and effective in each jurisdiction,
generally following the Total Design Method (TDM) as described by Dillman for mail, telephone,
and Internet surveys (Dillman 1978; Dillman 2007). Statistically representative samples of
individuals from each coral reef jurisdiction, with a 95% confidence level, will be collected once
every 3 or 4 years. Sample size may need to be adjusted to ensure representative coverage of
cultural groups. Where feasible, indicators reported at the sub-jurisdictional scale will be
reported alongside biological indicators collected at the same scale. Efforts will be made to
ensure sufficiently robust sample size to allow for reporting of socioeconomic indicators at
appropriate sub-jurisdictional scales.

Population changes and economic dependence

Human demographic information will be derived from U.S. Census data and population
estimates for all coral reef jurisdictions to provide information on human population change
near coral reefs. (refer to the previously published Baseline Report of U.S. Territories and
Counties Adjacent to Coral Reef Habitats, Crossett et al. 2008). For Florida, this will include
Monroe, Dade, Broward, Palm Beach, and Martin Counties only. For all other states and
territories, the entire jurisdiction will be included.

Additional socioeconomic data on community well-being and physical infrastructure will be
compiled for each jurisdiction from secondary data sources like the U.S. Census Bureau and
local government agencies. These data will be collected and analyzed at the jurisdiction level.

Indicators of economic impacts of coral reef resources that will be tracked through the NCRMP
include the following:

e Economic impact of coral reef fishing to jurisdiction

e Economic impact of dive/snorkel tourism to jurisdiction
e Awareness of coral reef rules and regulations

e Governance

These indicators will be collected using a combination of both survey and secondary data.



Data, Documentation, and Reporting

NCRMP activities will generate a broad range of biological, physical, chemical, and
socioeconomic data that will be highly valuable to the coral reef conservation community. The
NCRMP is committed to making data and data products publically available in a timely and user-
friendly format to a wide variety of audiences. NCRMP data reporting will follow data
stewardship and dissemination guidelines recommended by the NOAA Environmental Data
Management Committee (EDMC).

An annual NCRMP report will be completed within one year of the end of each year’s
monitoring activities, following quality control and data synthesis, and will report on
observations at the jurisdiction level.

NCRMP data, data products, SOPs, cruise reports, and annual reports will be archived at the
NOAA National Data Centers (NNDCs) via the Coral Reef Information System (CoRIS), and made
publically available through a Coral Program website. International Organization for
Standardization (ISO) compliant metadata will accompany all NCRMP data sets. NCRMP data
will be available for free to the public and the scientific community in the belief that their wide
dissemination will lead to greater understanding and new scientific insights, and it is
anticipated that many single and cross-disciplinary peer-reviewed publications will result from
the NCRMP data.

Ultimately, NCRMP data will be used to generate a periodic national-level report on the status
and trends of U.S. coral reefs. This report will assimilate and synthesize the data products from
NCRMP monitoring activities to tell the story of how the condition of the nation’s reefs is
changing over time. The primary audience for this report is intended to be Congress and other
high-level decision makers. A relatively short document will replace the Coral Program’s
previous major monitoring report, The State of Coral Reef Ecosystems of the United States and
Pacific Freely Associated States (Waddell and Clarke 2008), in an effort to more clearly and
succinctly disseminate status and trends of U.S. coral reefs as a whole.

The final format of the national-level report will be determined with the assistance of NOAA
and/or partner communications and messaging staff members. Indicators would be presented
by sub-jurisdictional reporting unit, jurisdiction, as well as rolled up by basin (Pacific and
Atlantic/Caribbean), and finally summarized at a national level. Key findings, additional
information, and case studies will augment the status and trends reporting tools.



Appendices

Acronyms
ADCP Acoustic Doppler Current Profiler
ARMS Autonomous Reef Monitoring Structures
AS American Samoa
AVHRR Advanced Very High Resolution Radiometer
BMU Bioerosion Monitoring Unit
CaRA Caribbean Regional Association for Coastal Ocean Observing
CAU Calcification Accretion Unit
CCA Crustose Coralline Algae
Cl Confidence Interval
CNMI Commonwealth of the Northern Mariana Islands
Cco, Carbon Dioxide
CoRIS NOAA NESDIS NODC Coral Reef Information System
CRCP Coral Reef Conservation Program
CREIOS NOAA Coral Reef Ecosystem Integrated Observing System
CTD Conductivity-Temperature-Depth
cv Coefficient of Variation
DHW Degree Heating Week
DIC Dissolved Inorganic Carbon
DO Dissolved Oxygen
ESA Endangered Species Act
FGB Flower Garden Banks
FGBNMS Flower Garden Banks National Marine Sanctuary
FKNMS Florida Keys National Marine Sanctuary
FL Florida
GCOO0S Gulf of Mexico Coastal Ocean Observing System
HI Hawai’i
ICON NOAA Integrated Coral Observing Network
100S NOAA Integrated Ocean Observing System Program
I1ISO International Organization for Standardization
LBSP Land-based Sources of Pollution
LPI Line Point Intercept
MApCO, Moored Autonomous pCO, Buoy
MHI Main Hawaiian Islands
MPA Marine Protected Area
NCRMP National Coral Reef Monitoring Plan
NESDIS NOAA National Environmental Satellite, Data, and Information Service
NMFS NOAA National Marine Fisheries Service
NMSAS National Marine Sanctuary of American Samoa
NNDC NOAA National Data Centers
NOAA U.S. National Oceanic and Atmospheric Administration
NODC NOAA NESDIS National Oceanographic Data Center
NOS NOAA National Ocean Service
NWHI Northwestern Hawaiian Islands
OAP NOAA Ocean Acidification Program
OAR NOAA Office of Oceanic and Atmospheric Research
ONMS NOAA NOS Office of National Marine Sanctuaries
PaclOOS Pacific Islands Ocean Observing System




pCO, g Seawater Carbon Dioxide Partial Pressure
pPCO; 2tm Atmospheric Carbon Dioxide Partial Pressure
PIFSC NOAA NMFS Pacific Islands Fisheries Science Center
PMNM Papahanaumokuakea Marine National Monument
POES Polar Operational Environmental Satellite
PR Puerto Rico
PRIA Pacific Remote Island Areas
PVC Polyvinyl Chloride
RFS Reef Fish Survey
SE Standard Error
SECOORA Southeast Coastal Ocean Observing Regional Association
sMC NOAA CRCP Senior Management Council
sopP Standard Operating Procedure
SPC Stationary Point Count
SST Sea Surface Temperature
STR Subsurface Temperature Recorder
TA Total Alkalinity
TDM Total Design Method
TDS Towed-diver Survey
u.s. United States of America
usvi U.S. Virgin Islands
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